Citrus is an economically important fruit for Egypt, but its peel also is one of the major sources of agricultural waste. Due to its fermentation, this waste causes many economic and environmental problems. Therefore it is worthwhile to investigate ways to make use of this citrus waste generated by the juice industry. This study was aimed to explore the hypocholesterolemic, antidiabetic activities of four varieties of citrus peels agrowastes, to isolate the main flavonoids in the active fractions and to quantify them by HPLC method for nutraceutical purposes. All the tested samples of the agro-waste Citrus fruits peels showed significant decrease in cholesterol, triacylglyceride and glucose. The most decrease in cholesterol level was observed by mandarin peels aqueous homogenate and its hexane fraction (59.3% and 56.8%, respectively) reaching the same effect as the reference drug used (54.7%). Mostly, all samples decrease triacylglyceride (by 36%-80.6%) better than the reference drug used (by 35%), while, glucose was decreased (by 71.1%-82.8 and 68.6%-79.6%, respectively) mostly by the aqueous homogenates (except lime) and alcoholic extracts (except mandarin) of Citrus fruits peels better than the reference drug used (by 68.3%). All the isolated pectin, from the four cultivars, has significant effect on the three parameters. The comparative HPLC rapid quantification of nobiletin in the different by-product citrus varieties hexane fractions revealed that nobiletin is present in higher concentration in mandarin (10.14%) than the other species. Nobiletin and 4 ,5,7,8-tetramethoxy flavone were isolated from mandarin peels hexane fraction by chromatographic fractionation. This is the first report of the comparative HPLC quantification of nobiletin and biological studies of different citrus peels species as agro-waste products. Based on these results, we suggest the possibility that Citrus fruits peels may be considered as an antidiabetic and hypocholesterolemic nutraceutical product.
Introduction
One of the most important popular threat factors for coronary heart disease, heart attack and stroke is the high cholesterol (AHA, 2014) . Large amount of fruit peels are pitched as waste from fruit processing industry in spite of the well declared biological activities of these peels compared to other discarded portions. Among the fruits, Citrus fruits which its yield is approximated as 80 million tons per year are regarded as precious healthy diet since its nutrients boost haleness and guard against chronic disease (Gnanasaraswathi et al., 2014) . Huge amounts of scraps are also the unique source of polymethoxyflavones with high content such as nobiletin, tangeretin and sinesetin (Li et al., 2006; Londoño et al., 2010) . In previously in vivo studies, lower doses of citrus polymethoxylated flavones (PMF) can decrease plasma cholesterol level more than that of flavanones (Morin et al., 2008) and modulated lipid metabolism in cells and animals . Two polymethoxylated citrus flavonoids, tangeretin and nobiletin, moderately inhibited both cholesterol (CH) and triacylglyceride (TG) synthesis, while weaker effects were reported by other PMF (e.g., sinensetin) and non-PMF (e.g., hesperetin and naringenin). Hence, attention should be paid for their proper extraction as potential compounds and check their suitability as therapeutics. This will increase the aggregate value of the industrial waste.
Our study was carried out on four agro-waste Citrus peels species cultivated in Egypt, after previously exploring their peels oil benefits (Abd-Elwahab et al., 2016) , [mandarin (Citrus reticulata Blanco cv. Egyptian), sweet orange (Citrus sinensis (L.) Osbeck cv. Olinda Valencia), white grapefruit (C. paradisi Macfad. cv. Duncan) and lime (C. paradisi aurantiifolia (Christm.) Swingle cv. Mexican)], Rutaceae, to evaluate and compare their hypocholesterolemic and anti-diabetic activities as agro-waste products, to isolate the main flavonoids in the active fractions and to quantify them by HPLC method for nutraceutical purposes to facilitate the conversion of this waste into high value-added products, thus allowing it to be a recycled component of functional food material.
Material and methods

Plant material
Samples of the fresh fully mature ripe citrus fruit peels [mandarin (Citrus reticulata Blanco cv. Egyptian), sweet orange (C. sinensis (L.) Osbeck cv. Olinda Valencia), white grapefruit (C. paradisi Macfad. cv. Duncan) and lime (C. aurantiifolia Swingle cv. Mexican)], Rutaceae, were identified by Citrus department, Horticultural Institute, Ministry of Agriculture, Giza, Egypt and voucher specimens numbers 14-7-2016 -I, 14-7-2016 -II, 14-7-2016 -IV and 14-7-2016 , were deposited at the Museum of the Pharmacognosy Department, Faculty of Pharmacy, Cairo University, Egypt. The material were collected in February 2011 (for sweet orange), September 2011 (for lime), 2nd half of December 2011 (for grapefruit) and 2nd half of January 2012 (for mandarin), from the private orchard of El-Mazloom company for horticulture production at 78 km Cairo-Ismailia road.
Preparation of extracts and isolation of pectin
Preparation of a citrus peels aqueous homogenates: the aqueous homogenates were prepared by mixing 1.5 g of fresh peel of each species with 100 ml distilled water in a blender, stored in bottle and kept in refrigerator (2-5 • C) until used.
Preparation of a citrus peels alcoholic extracts: the alcoholic extracts were prepared by percolating 200 g of fresh peel with 80% methanol (600 ml), filtered off and the resulting extracts were evaporated under reduced pressure.
Preparation of a Citrus peels hexane extracts: part of the previously prepared alcoholic extract residue (10 g) for each Citrus fruits peels were suspended separately in distilled water (30 ml), then extracted with n-hexane and the resulting hexane extracts were evaporated under reduced pressure.
Isolation of pectin from citrus peels: each species of fresh citrus peels (50 g) was boiled with known volume of distilled water (100 ml), decanted, cooled to room temperature (25 • C) and then four volumes of absolute ethanol (400 ml) was added to precipitate the pectin, kept in refrigerator (2-5 • C) for two days and then filtered to obtain pectin which is freeze dried and stored in desiccators until used.
Citrus peels alcoholic and hexane extracts residues and the isolated pectins (1.5 g of each) were mixed with 100 ml distilled water (1.5%), stored in bottle and kept in refrigerator (2-5 • C) until used.
Materials
For biological study
Pure cholesterol powder analytical grade (C75209) and bile salts powder (48305) 
Isolation of polymethoxyflavones
The air dried powdered mandarin peels (850 g) were macerated in 75% alcohol (2× 3 l) at room temperature and the alcohol extract was evaporated under vacuum, to obtain a yellowish brown residue (233 g). This residue was suspended in distilled water (500 ml) and then fractionated with hexane (250× 3 ml), to yield 5 g residue after evaporation under reduced pressure. The latter was chromatographed on silica gel column; gradient elution was carried out using hexane containing 10% stepwise increments of acetone till 100% acetone. Fractions, 100 ml each, were collected to yield 40 fractions and subjected to TLC on pre-coated silica gel plates, using solvent systems chloroform: methanol (98:2). Fractions (17-20) eluted with hexane:acetone (6:4) showed a major spot that appears yellow in UV at 365 nm and gave a yellow color with p-anisaldehyde spray reagent, ammonia and aluminum chloride. These fractions were pooled together and the solvent was evaporated under reduced pressure to yield compound 1 as a yellow powder (1.5 g). Fractions (29-32) eluted with hexane: acetone (3:7) showed a major spot that appears yellow in UV at 365 nm and gave a yellow color with p-anisaldehyde spray reagent, ammonia and aluminum chloride. These fractions were pooled together and the solvent was evaporated under reduced pressure to yield compound 2 as a yellow powder (0.75 g). The end-capped column was held at 37 • C and the flow rate was set at 1 ml/min. The chosen mobile phase was as that used by Sun et al. (2010) but with little modification as following: the mobile phase consisted of two solvents; 90% phosphoric acid (0.3%) (A) and 10% acetonitrile (B). The solvent gradient in volume ratios was as follows: 10-40% B over 1 min. The solvent gradient was maintained at 40% B for 1 min, increased to 45% B over 18 min, and to 100% B over 2 min, then maintained at 100% B for 7 min. The injection volume was 20 l. Analyses were performed at least three times and only mean values were reported.
The four tested Citrus peels hexane extracts were prepared at a concentration of 2 mg/ml and filtered on Ekicrodisc ® 3.Acro LC (3 mm diameter, 0.45 m, HPLC certified, LOT No. A10422144 P/N E031) before use. The isolated standard nobiletin was prepared at a stock concentration of 500 g/ml. Calibration standard sample was prepared by appropriate dilutions with methanol from the stock solutions and filtered on Ekicrodisc ® 3.Acro LC before use.
Calibration curves were obtained by plotting the peak area of the standard versus its concentrations (0.92 < R 2 < 0.99). Concentrations of the nobiletin in samples were determined by application of the obtained standard curve.
Experimental animals and protocols
Male Wistar strain rats weighing 150-160 g, aged three months, utilized for assessment of the different pharmacological effects, were supplied from the Research Institute of Ophthalmology. They were individually housed six per cage (320 cm × 180 cm × 160 cm) under standardized temperature (25-28 • C), humidity (50-60%) and light (12 h light/dark cycles with the light on at 7 a.m. and had free access to tap water and food pellets conditions. They were fed the standard laboratory diet as shown in Table 1. Hypercholesterolemia was induced by feeding the male Wistar rats with standard laboratory diet mixed with 1% cholesterol and 0.25% bile salts powders from the diet weight (Berrougui et al., 2003; Owens, 2006) . Blood samples were taken at the eighth week of experiment and then centrifuged at 715 × g force for 10 min for biochemical analyses of plasma parameters. The clear plasma was separated and divided into three portions to measure the plasma glucose, triacylglyceride and cholesterol levels by using specific kits. The separated plasma was stored at −80 • C until analysis. This was carried out according to Odetola et al. (2006) and Owens (2006) . Untreated model (high fat diet) and the negative control: received daily 0.1 ml of distilled water orally beside standard laboratory diet.
Treated model groups (16 groups): administered 0.1 ml of the corresponding extract or pectin or aqueous homogenate orally beside standard laboratory diet.
Biochemical plasma analyses
Plasma glucose, TG and total cholesterol levels were determined by enzymatic methods using commercial assay kits (glucose kits, triacylglyceride kits and total cholesterol kits) according to the manufacturer's protocols, purchased from Biodiagnostic Company (Egypt). Specto UV-vis Double Beam PC, 8 scanning auto cell, UVD-3200 (LABOMED, Inc.) was used for evaluation of anti-diabetic and hypocholesterolemic activities by measurement of the color intensity at 515-520 nm.
Statistical analysis
All the data were expressed as the mean ± standard error of the mean (SEM). The statistical significance of differences between the mean values for the treatment groups was analyzed by one-way analysis of variance (ANOVA) followed by Post Hoc test and Bonferroni (Snedecor and Cochran, 1982) using the SPSS software (SPSS Inc., Chicago, USA). A value of p < 0.05 was considered statistically significant for analysis. Correlation analysis was carried out and R-square values were reported.
Results and discussion
The percentage yield of peels and pectin obtained from different agro-waste peels Both white grapefruit and mandarin have the highest percentage yield of fresh peels, recording 25.81% and 23.31% respectively, while lower yield was observed for the other two remaining tested Citrus fruits, sweet orange and lime, recording the same result 18%. Upon drying the peels, all the Citrus fruits show nearby results; 5.80% in white grapefruit to 7.19% in lime fruits. All the isolated pectin from the tested agro-waste peels occurs as a white powder. Sweet orange have the highest content of pectin (21.33%) followed by lime (19.7%) and grapefruit (11.66%), while mandarin have the lowest pectin contents (9.14%). Our results showed a variation from the previously reported ones, Rouse and Crandall (1976) reported 8.15% pectin yield in fresh ground Valencia orange peels and 6.35% in Duncan grapefruit peels extracted with nitric acid. Both Liu et al. (2001) and Sakai and Okushima (1980) recorded 3.68% and 0.4% for Marrs and Navel orange peel, respectively, and 2.99% and 0.2% for Marsh and Navel grapefruit peel, respectively, prepared by classical hot acid procedure and water extraction. While the pectin yields of sweet orange and mandarin extracted by the addition of sulphuric acid was 43.7% and 37.3%, respectively (Wang et al., 2008) . Therefore, the pectin yield depends not only on the species and/or cultivars but also on the method used for preparation.
Identification of the isolated Citrus flavonoid
The structure of the isolated compound (1) was identified as nobiletin [2-(3,4-dimethoxyphenyl)-5,6,7,8-tetramethoxy-4H-1-benzopyran-4-one] by comparing its physical and spectral data with the reported ones (Dandan et al., 2007; Johann et al., 2007 The structure of the isolated compound (2) was identified as 4 ,5,7,8-tetramethoxyflavone by comparing its physical and spectral data with the reported one (Uckoo et al., 2012 
HPLC results
In the current study, the chromatographic profiles of different agro-waste citrus peels revealed that madarain hexane peel extact has the highest concentration of the isolated nobiletin (202.91 g/ml ± 3.63; 10.14%), nearly more than twice that in sweet orange (73.15 g/ml ± 3.08; 3.6%) and ten times as that in grapefruit (18.13 g/ml ± 0.33; 0.9%). However, lime is nearly depleted of it (Table 2; Fig. 1 ). This is the first HPLC study comparing the percentage of nobiletin in these four new Egyptian citrus varieties.
The anti-diabetic and hypocholesterolemic effects of the different agro-waste citrus peels
In general, all the tested samples (the alcoholic extracts, hexane extracts, isolated pectins and the aqueous homogenates) of the four tested agro-waste citrus peels had shown significant decrease in all the tested parameters (cholesterol, triacylglyceride and glucose) (Table 3; Fig. 2) .
The alcoholic extract, hexane extract and aqueous homogenate of mandarin peels show the highest decrease (by 48.9%, 56.8% and 59.3%) in cholesterol level (77.5 ± 13.3, 65.5 ± 20.6 and 61.8 ± 17.6 mg/dl, respectively) equivalent to that of atorvastatin reference drug (68.7 ± 1.09 mg/dl [54.7%]). Mandarin alcohol peel extract was previously reported to improve blood cholesterol profile in dose dependant manner (Adelina et al., 2008) . The presence of the main bioactive components as flavanones (hesperetin, naringenin), flavone glycosides (hesperidin, naringin) and methoxylated flavones (PMF) in Citrus fruits (Manthey and Guthrie, 2002) could clarify the hypocholesterolemic impacts of both alcoholic extracts and aqueous homogenates of the four tested agro-waste citrus peels as the existence of hesperidin and naringin, and their aglycones hesperetin and naringenin, have been accounted for lowering plasma and hepatic cholesterol and triacylglycerol by inhibiting these hepatic enzymes in experimental animals (Kim et al., 2003) . HPLC chromatogram at 325 nm of the four tested citrus peels hexane extracts (2 mg/ml) against the isolated standard nobiletin (0.5 mg/ml). [A, nobiletin; B, mandarin hexane extract; C, orange hexane extract; D, lime hexane extract; E, grapefruit hexane extract].
Table 3
The mean values (M ± SE) of the plasma cholesterol, triacylglyceride and glucose levels (mg/dl) of the control and model groups treated with alcoholic extracts, n-hexane extracts, isolated pectin and aqueous homogenates of the tested Citrus peels. and regulating the fatty acid and cholesterol metabolism (Jung et al., 2006) . Mostly, all the tested samples decrease TG (by 36.0-80.6%) (ranging from 150.9 ± 8.68 to 45.7 ± 16.35 mg/dl) better than the atorvastatin reference drug used (153.3 ± 1.95 mg/dl [35.0%]), while, glucose was decreased mostly by the aqueous homogenates (except lime) (by 71.1-82.8%) (ranging from 79.2 ± 27.4 to 46.9 ± 9.58 mg/dl) and alcoholic extracts (except mandarin) by (68.6-79.6%) (ranging from 86.0 ± 13.8 to 55.9 ± 17.5 mg/dl) of Citrus fruits peels better than the metformin reference drug used (86.7 ± 1.34 mg/dl [68.3%]).
Thus the observed anti-diabetic and hypocholesterolemic effects of the different agro-waste citrus peels extracts could be attributed to the presence of nobiletin (Tsutsumi et al., 2014) with the obvious decrease in cholesterol level in case of mandarin due to its highest percentage of nobiletin as revealed from HPLC analysis (Table 2 ). Previous studies on Citrus peels reported similar effects (Kurowska and Manthey, 2004; Nagata et al., 2010; Lee et al., 2014; Tsutsumi et al., 2014) and contributed them to the presence of PMF like nobiletin which stimulates lipolysis in differentiated adipocytes, attenuated dyslipidemia through a reduction in VLDL-triacylglyceride secretion, prevented hepatic triacylglyceride accumulation, enhanced fatty acid B-oxidation (Mulvihill et al., 2011) .
All the isolated pectin, from the four cultivars, has significant effect on the three tested parameters, with more pronounced decrease on triacylglyceride by 50.7-78.7% (ranging from 116.4 ± 12.4 to 50.3 ± 20.0 mg/dl) and little decrease on both cholesterol and glucose by 30-50.3% (ranging from 98.6 ± 29.8 to 75.4 ± 18.2 mg/dl) and 26-44.6% (ranging from 202.7 ± 11.4 to 151.9 ± 7.85 mg/dl), respectively. This was explained by the previously reported data that the viscosity-enhancing and gel forming properties of pectin could delay gastric emptying and possibly reduce the absorption rate in small intestine (de Escalada Pla et al., 2007) . Besides, pectin as a kind of soluble dietary fiber, lowers blood cholesterol levels and LDL cholesterol fraction without changing HDL cholesterol (Liu et al., 2006; Shaha et al., 2013) .
Since the aqueous homogenate is rich of both pectin and flavanoids (PMF), this could explain its well-pronounced effect in lowering cholesterol levels via modulating hepatic HMG-CoA levels, possibly by binding bile acids and increasing the turnover rate of blood and liver cholesterol (Marounek et al., 2007) .
Conclusion
This is the first report about comparing positive effect of four new Egyptian varieties of agro-waste citrus peels extracts and their pectin on high-fat diet rats. The observed hypocholesterolemic and hypotriglycermic effect of the tested samples is directly proportional to their content of nobiletin. Other constituents rather than PMF also participate in the observed biological activities as lime exhibited certain activities although HPLC study revealed its depletion of these compounds. The aqueous homogenates of these agro-waste citrus peels can be used as anticholesterolemic and anti-diabetic drugs to save time and chemical consumption during extraction of these agro-waste products.
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